SUMMARY
INTRODUCTION
The mammalian spinal cord can be viewed both as a pathway for signals between the brain and body and as a semi-independent system consisting of an array of interconnected components controlling reflex and patterned movements. The reflex and pattern generator pathways are not independent, as they receive NO. 2, 1994 89 some success in the survival, differentiation, and growth of the implants, but with no success in recovery of function. In previous studies/11,35/the functional effects of spinal implants of fetal locus ceruleus tissue, a potential, source of the catecholarnine noradrenaline (NA), on the hindlimb withdrawal reflex in 6-hydroxydopamine (6-OHDA) lesioned rats were examined. Advantages of using the withdrawal (flexion) reflex is that it is a relative simple system and has been studied extensively /4,7,12,33,34 After administration of the 6-OHDA, the rat was le in this position for 3 minutes before the wound was sutured closed.
Cell culture techniques Adrenal glands were harvested from ten seven day-old rat pups using sterile technique. The capsule was removed from the gland, and the cortex was dissected away from the adrenal medulla, taking care to remove as much cortex as possible. The medulla was then cut into two or four pieces. The tissue was enzymatically dissociated with a solution of 0.25% collagenase (Worthington Biochemicals, Freehold, NJ) in Hanks' Basic Salt Solution (HBSS), (Gibco, Grand Island, NY) for one hour followed by 0.15% trypsin (Sigma) in HBSS for ten minutes. The trypsin was quenched by the addition of serum-containing growth media. DNase (Sigma) was added to this solution which was then incubated for 30 min. The suspension was centrifuged and resuspended in high NGF (2.5S, VOLUME 5, NO. 2, 1994 Collaborative Biomedical, 40 (T 11) and continuing to a point just caudal to lumbar vertebra 3 (L3). After the vertebrae in this region were surgically exposed, the interspinous and interarcuate ligaments between T 12-T 13, T 13-L 1, and L1-L2 were cut. The dura was carefully incised at these three locations, allowing access to the spinal cord. The One minute after injection, the needle was withdrawn over a 2-3 minute time span. This procedure was followed at each site, attaching the forceps to the spinous process of, successively, T13 and L1 prior to injection. During insertion of the needle, characteristic muscular twitching occurred, indicating that the needle was being inserted into the region of the spinal cord involved in the hindlimb withdrawal reflex. These reactions included twitching of the hypaxial muscles on the left side at T12-13, twitching of the muscles of the left thigh at T13-L1, and twitching of the digits of the left foot at L1-2. Following the third injection, the incision was closed using 6-0 suture (Ethicon) and wound clips. A sample of the remaining cell suspension was ejected through the needle and plated on cell culture dishes in order to verify the survivability and process outgrowth capability of the implanted cells. Another sample of the suspension was used for cell counts.
Reflex testing
Three months post-implantation, the spinal cord of the rat was transected, and the hindlimb withdrawal reflex was tested. Testing was done blindly, i.e. the tester did not know which experimental group the rat was from. Anesthesia was induced using halothane (inhaled) and maintained by inhaled metophane. An incision was made in the dorsocranial thoracic region and underlying epaxial muscles were separated to expose the T4-T6 thoracic vertebrae. A laminectomy was performed on T5. The dura was opened using iris scissors, and a suction pipette was used to remove a 1-2 mm section of the spinal cord.
A small piece of gel-foam saturated with an oxymorphone solution (0.1 ml Numorphan in 2 ml saline) was placed into the resulting cavity in the cord. The incision was closed, and the animal was allowed a 1-1.5 hour recovery period. Figure  5A ,B). This withdrawal response was characteristically short in duration, as shown by the EMG. and produced only a small amount of force. LLCs were evoked in control animals only after the administration of L-DOPA ( Figure 5C , D).
Electrical stimulation aer L-DOPA resulted in a large amplitude, long duration EMG response concomitant with the production of a vigorous flexion (average maximum force 764 + 58.8 g (SD), n 5) ( Figure 6 ).
6-OHDA lesioned OTo-implanO tats SLCs were also evoked by electrical stimulation all lesioned animals prior to administration of L-DOPA. In a few of the lesioned rats (2/7), small LLCs were also evoked by these initial stimulations. After administration of L-DOPA, stimulation Rat chromaffin cells were added to tissue culture dishes containing longitudinal sections of normal rat spinal cord. Three to five days after plating, the cells were fixed and stained with anti-TH. Chromaffin cells (stained black) adhered to the gray matter (GM) of the cord, but not to the white matter (WM), and extended very few processes. Scale bar, 100 lain.
evoked LLCs in all rats ( Figure 5E , F), but the forc of the response in all cases was significantl (p <0.002) less than that of the control rats (avg maximum force 93.7 + 47 g (SD), n 7) ( Figure  6 ). Stimulus-response curves for both the control and lesioned rats (post L-DOPA) showed a high degree of correlation (R value > 0.9) between stimulus strength and resultant withdrawal force. Implanted rats Initially, and atter pargyline administration, electrical stimulation of the hindpaw consistently elicited SLCs of the withdrawal reflex in all the implanted rats. This stimulus also resulted in the presence of small amplitude LLCs in many of these same animals. The maximal force generated by the Sc cell implanted rats upon stimulation showed only a modest increase after administration of L-DOPA ( Figure 7B ). The average maximal force evoked in Sc animals (127.3 _+ 72.5 g) was not significantly different from that of the lesioned rats (93.7 + 47 g) by the Mann-Whitney U statistical test ( Figure 6 ). AM cell implanted rats produced a significantly greater amount of force of withdrawal upon hindpaw stimulation (average force 394.7 + 118 g) than did Sc implanted controls or no-implant control rats (p <0.001, p <0.0006, respectively) ( Figure 7D )o There was an increased amount of spontaneous EMG activity, both before and subsequent to stimulation of the paw, in rats implanted with AM cells ( Figure 7C ). The average correlation coefficient was very close to 0.9 for the post L-DOPA stimulus-response curves of both implant groups.
DISCUSSION
In this study we found that implanting cultured neonatal chromaffin cells into lesioned spinal cords partially restored a specific reflex (hindlimb withdrawal). 
